Introduction: Harmonizing data across cohorts is important for validating findings or combining data in meta-analyses. We replicate and validate a previous conversion of MoCA to MMSE in PD. Methods: We used five studies with 1,161 PD individuals and 2,091 observations measured with both the MoCA and MMSE. We compared a previously published conversion table using equipercentile equating with log-linear smoothing to our internally derived scores. Results: Both conversions found good agreement within and across the studies when comparing true and converted MMSE (mean difference: 0.05; standard deviation: 1.84; median difference: 0; interquartile range: -1 to 1, using internal conversion). Conclusions: These results show that one can get a reliable and valid conversion between two commonly used measures of cognition in PD studies. These approaches need to be applied to other scales and domains to enable large-scale collaborative analyses across multiple PD cohorts. V C 2016 International Parkinson and Movement Disorder Society
There are many studies of individuals with Parkinson's disease (PD), although often data are limited by selected samples and small sample sizes meaning that analyses are underpowered. Researchers often seek to validate previous research in a new data set or combine data in a meta-analysis, but comparing and pooling findings may be problematic if different measures have been used. A common nonmotor feature of PD is cognitive impairment, and two of the most popular screening tools are the Mini-Mental State Examination (MMSE) 1 and the Montreal Cognitive Assessment (MoCA). 2 There are well-established methods for scale conversion 3 and a previous study 4 has applied these to convert the MoCA to the MMSE in patients with PD. The validity of this conversion has been evaluated in a small sample of 139 subjects with PD, with a narrow distribution of MoCA scores, which suggested it was reasonably good. 5 We present both a replication of the methods of van Steenoven and colleagues and a validation of their conversion chart in a much larger independent sample including individuals with a wider range of MoCA and MMSE scores.
Patients and Methods

Study Population
We used data from five studies that are a part of the Joint Programme Neurodegenerative Disease (JPND) consortium who have data collected on both the MMSE and MoCA in patients with PD. In all cases, the MoCA scores were adjusted by adding 1 point (to a maximum of 30) for all those with 12 years or less of education. Brief details are provided below. -
The MODEP cohort consists of incident PD (n 5 22), prevalent PD (n 5 18), and controls (n 5 24) with up to 8 visits. 6 We restricted this analysis to the incident and prevalent PD arms. The ABC-PD study is an ongoing cross-sectional study of PD with 91 individuals included in this analysis. The De Novo Parkinson (DeNoPa) study is an untreated incidence PD cohort (n 5 159) with a control arm (n 5 110). 7, 8 This cohort has data at baseline and on one follow-up visit. We included 123 PD patients after excluding individuals who were found to have other neurological diseases at follow-up. The EPIPARK cohort has 112 PD patients and 543 controls with data on up to three visits. 9 We restricted this analysis to the PD patients. The Oxford Discovery cohort has data on 958 PD patients, 293 controls, and 180 at risk of PD (as of January 2015) 10 with data on up to three visits per individual. We included only the 795 PD patients who were recently diagnosed (within 3.5 years) and with clinical probability of PD 90%.
The analyzed data included only the PD subjects for direct comparison with the original van Steenoven and colleagues article. 4 In studies where longitudinal data were available, we used data from every visit. 
Statistical Analysis
To convert MoCA score to MMSE score, we used exactly the same equipercentile method with log-linear smoothing that is described in the van Steenoven and colleagues article 4 (see another work 3 for methodological details). This method matches scores on the two tests by their percentile ranks after smoothing the distribution. The analysis was performed in the R statistical software (R Foundation for Statistical Computing), using the equate library. 11 We then validated our MoCA to MMSE conversion and the proposed MoCA to MMSE conversion from the van Steenoven and colleagues article within each of our five cohorts and also across the five cohorts. This was carried out by calculating the difference (delta) between the true and equivalent MMSE and reporting the mean, standard deviation (SD), median, and interquartile range (IQR) of this delta along with the root mean squared error (RMSE). Smaller (in terms of absolute value) mean, SD, median, IQR, and RMSE denotes a more accurate conversion from MOCA to MMSE. We also calculated the intraclass correlation and the percentage of observations which were within 62 points of the true and equivalent MMSE to enable comparison with a previous validation. The MoCA adjusted scores ranged from 8 to 30 in our five cohorts with a median of 26 and an IQR range of 23 to 28. The mean MoCA was 25.0 and the SD 3.5. MMSE scores ranged from 13 to 30 with a median of 28 and an IQR of 27 to 29. The mean was 27.6 and the SD 2.3. These results indicate that MoCA may be better able to differentiate the range of cognitive function and is less prone to ceiling effects. Table 1 shows that the conversion using the method proposed by van Steenoven and colleagues and our own conversion are remarkably similar with the equivalent MMSE only differing by 1 in 11 of 26 cases (ignoring where the MoCA was 4 or lower). However, it should be noted that we were both extrapolating to MoCA scores below 8 (and below 10 in the van Steenoven and colleagues article), so one must be cautious at the very low end of the distribution. Table 2 shows the difference (both within and across cohorts) between the true and equivalent MMSE for the van Steenoven and colleagues article conversion and our own conversion. The median difference was 0 (IQR -1 to 1) for the van Steenoven and colleagues article across all studies and the median difference was also 0 within each study, except for the MODEP cohort where the median difference was -1. However, even within the MODEP cohort, the IQR was -1 to 0, still showing that at least 50% of the results are very close. The median difference was also 0 (IQR, -1 to 1) using our own internal conversion across all the studies. The median difference was also 0 within each study, except for the EPIPARK cohort where the median difference was 1.
Across all cohorts, the RMSE was remarkably similar comparing the van Steenoven conversion to our own conversion, 1.88 compared to 1.84, respectively. Comparing within the cohorts, the van Steenoven conversion worked slightly better within the ABC-PD study, the DeNoPa cohort, and the EPIPARK cohort (lower RMSE and smaller mean differences), whereas our own conversion worked slightly better within the MODEP and Oxford Discovery cohorts.
The van Steenoven conversion demonstrated an intraclass correlation coefficient of 0.66 (95% confidence interval [CI]: 0.64-0.69) between the true and equivalent MMSE. For the van Steenoven conversion, 11.1% of MMSE equivalent scores were more than 2 points higher than true MMSE, 83.8% were within 2 points, and 5.1% were more than 2 points lower. Our own conversion showed an intraclass correlation coefficient of 0.66 (95% CI: 0.64-0.68), with 8.1% of MMSE equivalent scores were more than 2 points higher than true MMSE, 83.2% were within 2 points, and 8.7% were more than 2 points lower.
Discussion
Our replication of the analysis resulted in a very similar conversion table to the one in the van Steenoven and colleagues, even though our sample is 10 times larger (n 5 2,091, compared to n 5 197). Validation of the conversion table from the van Steenoven and colleagues article shows that it has very good characteristics, with 0 median and small IQR of the difference and a RMSE, which is almost as good as our own internal conversion across all cohorts. An internal validation will almost always be better than an external validation, which further demonstrates the validity of the van Steenoven conversion. These findings are similar to a previously reported smaller validation study. 5 Our sample had a wider range of MoCA and MMSE performance than a previous publication (lowest MoCA value 8 points, as compared to 17 points), which greatly enhances the generalizability of this conversion table. However, we still did not have any participants with a MoCA less than 8. This limitation is probably not of high clinical relevance given that it is unusual to recruit subjects with such poor performance into research. For example, in the UK, ethical committees would prohibit recruitment of subjects who could not consent into research unless it was a therapeutic trial that may have patient benefit. 19  20  14  20  20  15  21  21  16  22  22  17  22  22  18  23  23  19  24  24  20  25  24  21  26  25  22  26  26  23  27  26  24  28  27  25  28  28  26  29  28  27  29  29  28  30  29  29  30  30  30  30  30 MoCA was adjusted for the years of education. Scores that are in the shaded boxes are derived from extrapolated data. 
The equipercentile method has the strengths that it can deal with nonlinearity within scales and that the equated scores will always be within the range of possible scores. However, the method is limited because it can lead to an irregular distribution of scores. An alternative approach to combine data across studies would be to internally standardize data using a Zscore or a T-score 12 method; however, these approaches do not take into account the difference in distributions or variability across the populations; hence, we favor the former approach.
These results provide independent replication and validation of a previous conversion table from MoCA to MMSE. The closeness in scores using either conversion table shows that this approach is useful in converting MoCA scores to MMSE scores and enables harmonization and meta-analysis across cohorts to determine determinants of cognitive impairment or decline in PD cohorts. This work needs to be extended to other domains, such as olfaction, depression, and so on, and to incorporate other methods, such as item response theory, to enable researchers to apply crossscale conversions. This will greatly enhance the utility of existing research data and facilitate greater collaboration and shared analyses, leading to more robust research findings.
